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Summary/Concluslon:

The permeation of a mixture of CH 4 and CO 2 (97% CH 4 and 3% CO 2) saturated with water

vapour through Tefzel has been studied at 95°C and 25 and 50 bars. Tefzel is the Du Pont

trademark of an ETFE (ethylenetetrafluorethylene) which is a copolymer of ethylene and

tetrafluorethylene. This material might be used as inner plastic lining of flexible pipes.

The permeability coefficients (P in cm2/sobar) for CH 4, CO 2 and water at the various

temperatures are found to be:

Permeability, (cm2/s.bar)

CH4 CO2 H20
3.65E-08 2.09E-07 1.62E-06

For methane and carbon dioxide, the permeability of Tefzel is higher than the deplasticized

PVDF (Polyvinylidenefluoride), but lower than the plasticized PVDF. For water, the situation

seems to be the other way round; Tefzel has a lower permeability than deplasticized PVDF.

Whether the permeability tests on Tefzel at higher temperatures and pressures will be pursued

or not, will be considered by the steering committee of the CAPP project in May.
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. Introduction.

This document describes the permeation test of Tefzel ETFE (Ethylene Tetra Fluor

Ethylene) performed in 1996.

u Experimental and testing parameters.

The experiments are performed with a new pressure cell. One advantage of this cell

is the possibility of testing on various pipe dimensions, up to 90 mm OD. In principle

though, the same experimental set-up as described in the previous report was used in

these measurements (/1/,/7/). A drawing of this new cell can be found in App. 4.

The permeation is measured from a pressurised test gas inside a sealed pipe section.

The sample pressure is balanced with argon on the outside. The argon gas flushes

the outside and brings the permeated gases to a gas chromatograph and a moisture

detector for analysis. The saturation of the gas mixtures with water was performed at

the actual temperature.

The test series that were planned to be performed on Tefzel are shown in Table 1.

Due to system- and component failures, fewer test runs are performed in 1996 than

planned. Thus, there are no results ready yet for other pressures and temperatures
than described in the table.

The CAPP steering committee will decide (May 1997) whether the tests on Tefzel

will be pursued according to plan or not.

Table 1. Overview of the planned testing parameters. One can see that only

the 25 and 50 bar at 95cC testing is finished. The gas mixture is

fluid B according to the CAPP nomenclature.

Gas mixture

(All saturated with water)

97% CH4/3% CO z

97% CH4/3% CO 2

97% CH4/3% CO z

97% CH4/3% CO z

Temperature

(oc)
70

Pressure

25, 50, 75, 100, 120

95 25,50

95 75,100,120

120 25,50,75,100,120

Status

Pend!ng

Finished

Pending

Pending

The permeation rates and permeability coefficient were determined as described in

the previous reports/1/,/71. The permeability coefficients were calculated by using

equation 1, which applies to a cylinder.

P = q In(K) (Equation 1)
t 2IrL(pl-p2 )

q/t = permeation rate, p_ and P2 are the high and low (inside and outside) partial

pressures. The dimension of the permeability coefficient is cmZ/sobar.
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Results.

Methane and carbon dioxide.

The amount of each gas permeated through the sample and associated permeability

coefficients for methane and carbon dioxide at each pressure are given in App. 2.

A graphical presentation of permeation rates and concentrations as a function of time

can be found in App. 3. Table 2 below shows a summary of permeability data for the

gases.

On the 50 bar run, the flow of argon was increased from 20 to 50 ml/min in order to

improve the stability of the analysis. The effect of this was that the concentrations

increased, and thereby a higher permeability rate was found. However, the increment is

insignificant in the scales used for evaluation. Details can be seen on the concentration

and permeation charts in App. 3. No explanation could be found yet on this effect.

Table 2. Summary table for methane and carbon dioxide.

Run

95°C 25 bar
95°C 50 bar I
95°C 50 bar II

Average

Permeability

(cm2/s-bar)
Methane C02
2.99E-08 1.82E-07
3.51E-08 1.94E-07
4.45E-08 2.50E-07

3.65E-08 2.09E-07

For comparative purposes, the average Tefzel permeability is plotted together with

the permeabilities of other materials previously tested (Figures 1-2). One can see that

for this particular temperature and pressures, the permeability of carbon dioxide and

methane through Tefzel ETFE is lower than through Solef and Coflon PVDF.
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Figure 1. The figure shows the permeability coefficient of CO 2 through TefzeI at 95

cC. Coefficients for plasticized and deplasticized PVDF are also shown.

The Coflexip data (Coflon DP) are from/2�and the SoIvay data are from

/3/.
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Figure 2. Permeability coefficient of methane through Tefzel at 95 cC. Coefficients

for permeation of CH 4 through plasticized and deplasticized PVDF are

also shown. The Coflexip data (Coflon DP) are from/2�and the Solvay

data are from/3/.
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3.2 Water permeation.

Details regarding the computation of water permeability, and a graphical presentation

of permeation rate of water, can be found in App. 1 and 3 respectively. Although

there is a relative small change, the water permeability is also in this case increased

when the flow rate of argon is increased. Table 3 summarises the permeability
coefficient for the various conditions.

Table 3. Summary table for water.

Run Permeability

(cmVs.bar)
95°C 25 bar 1.48E-06

95°C 50 bar I 1.47E-06
95°C 50 bar II 1.92E-06

Average 1.62E-06

The permeability coefficient is plotted together with previous data on PVDF in

Figure 3. From the figure, one can see that the permeability of water trough Tefzel is

lower than trough deplasticized PVDF.

Permeability coefficients for water

1.0E-04 ii r ' _1: _:' III

iiiiiii ii n L I
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0.0024 0.0025 0.0026 0.0027 0.0028 0.0029 0.003

1/1" (l/K)

= Coflon NH results & Solef 1015/0078 DP mTefzel • PVDF ref. Ausimont

Figure 3. Permeability coefficient of water through Tefzel at 95 C. The coefficients

for permeation of water as a function of temperature through

deplasticized Coflon is also shown.

Porsgrunn, 1997-04-18

Per Arne Wa
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